
I n t e g r a t e d    D e s i g n    C a p a b i l i t y    /  I n t e g r a t e d    M i s s i o n   D e s i g n    C e n t e r

N  A  S  A     G  O  D  D  A  R  D     S  P  A  C  E      F  L  I  G  H  T     C  E  N  T  E  R

Competition Sensitive

Solar Imaging Radio Array
(SIRA)

Mechanical 
Dave Palace
Dave Peters

25-28 August 2003
“When we ask for advice, we are usually looking for an accomplice.”

Marquis de la Grange (1639-1692)
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Requirements / Objectives

• Mission unique bus structure
• 12-18 micro-satellites required

– Separation system required
• Comm:

– 0.5m x 0.5m flat phased array, articulated (cost)
– Ø0.5m dish antenna, fixed (mass)

• Propulsion
• ACS: 

– 3-axis stabilized
– Possible momentum wheels – Dynacon MicroWheel 200

• Power: 
– 0.8m² minimum array area, articulated

• Launch Vehicle:
– Delta II 2925-10 with bi-prop fourth stage

• Operational Scenario:
– BASELINE: Point antenna at earth, articulate solar array, triangle bus, 3 stacks of 6
– OPTION #1: Off point s/c to download data, triangle bus, 3 stacks of 6
– OPTION #2: Spin s/c, comm antenna fixed on earth, hexagonal bus, 4 stacks of 4
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Launch Vehicle

13152926H-10

10852926-10

75.214952925H-10

12402925-10

8752920H - 10

625

MASS (kg)  TO 
ORBIT

(C3 ~ 0 km2/sec2)

67.02920 - 10

COST 
$M FY02

DELTA II
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Orbital Sciences MicroStar Bus
(Former Proposals)
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S/C Configuration

BASELINE
OPTION #1

OPTION #2

•Comm Antenna 
fixed on Earth
•Articulated Solar 
Array

1.00 m

1.00 m

2.60 m
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S/C Component Layout

BASELINE

Articulated Solar Array
(1.4m² shown)

Comm Antenna
(Ø0.6m shown)

Propulsion
Cold Gas Tank

Momentum Wheels (3)
C&DH BoxBattery Pack

.50 m
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Launch Configuration
Delta II – 2925H-10

BASELINE

OPTION #1

OPTION #2
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Deploy Sequence

Separation of Fourth Stage

Separation of Stacks
•Top layer forms top 1/3 of sphere
•Middle layer forms middle 1/3 of sphere
•Bottom layer forms bottom 1/3 of sphere

Separation of MicroSats

Separation spring force adjusted to 
provide initial ∆V to accomplish 

satellite placing on sphere
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Mass & Cost

• Propulsion Module
– Mass – 87kg
– Cost – $0.55M FY03

• Spacecraft (structure, comm mounts, solar array)
– Mass – 11.74kg
– Cost -

• Copies 1-4 (ETU, Prototype, 2 flight units) - $0.66M FY03
• Copies 5-n – $0.46M FY03

– Delta
• Deployable solar array add (Option #3):

– 3.2kg 
– Copies 1-4 (ETU, Prototype, 2 flight units) - $0.04M FY03
– Copies 5-n – $0.03M FY03

• Deploy & articulate solar array add (BASELINE):
– 12.6kg 

• The increase in mass is due to solar array deployment and articulation. The mass of the 
drive (9.3kg) is an average of several single axis drives. As the study refines a drive that will 
fit the mission requirements could be the MOOG type 2 or Ball EMS 221. These weigh-in at 
3.0kg and 4.5kg respectively.

– Copies 1-4 (ETU, Prototype, 2 flight units) - $0.70M FY03
– Copies 5-n – $0.60M FY03

Option #2
Most basic structure for 
mass and cost
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Risk

• Separation System
– Sep-systems have been utilized on spacecraft for many years. The likelihood of a 

sep-system failing is very small. However this risk is mentioned because of the 
number of separations required.

– Fall Back
• Stack / Stack separation – try to re-initiate. Try separation of individual MicroSat.
• MicroSat / MicroSat separation – try to re-initiate

– Consequence
• Stack / Stack separation – loss of MicroSats in stack. Could be somewhat mitigated if the fall 

back plan is successful
• MicroSat / MicroSat separation – loss of individual MicroSats

• Solar Array
– Deployment of solar array. Again, solar array deployments are standard events. The 

likelihood of failure is very small. This risk is mentioned because of the number of 
deployments.

– Solar array drive failure. Again, solar array drives are standard mechanical systems 
on satellites. The likelihood of failure is very small. This risk is mentioned because of 
the number of drives.

– Consequence – partial to total loss of power to MicroSat. 


